Objective: CXCL12 exerts a wide variety of chemotactic effects on cells. Evidence indicates that CXCL12, in conjunction with its receptor, CXCR4, promotes invasion and metastasis of tumor cells. Our objective was to explore whether the CXCL12-CXCR4 biological axis might influence biological behavior of pancreatic cancer cells. Methods: Miapaca-2 human pancreatic cancer cells were cultured under three different conditions: normal medium (control), medium + recombinant CXCL12 (CXCL12 group), or medium + CXCR4-inhibitor AMD3100 (AMD3100 group). RT-PCR was applied to detect mRNA expression levels of CXCL12, CXCR4, matrix metalloproteinase 2 (MMP-2), MMP-9, and human urokinase plasminogen activator (uPA). Additionally, cell proliferation and invasion were performed using CCK-8 colorimetry and transwell invasion assays, respectively. Results: CXCL12 was not expressed in Miapaca-2 cells, but CXCR4 was detected, indicating that these cells are capable of receiving signals from CXCL12. Expression of extracellular matrix-degrading enzymes MMP-2, MMP-9, and uPA was upregulated in cells exposed to exogenous CXCL12 (P<0.05). Additionally, both proliferation and invasion of pancreatic cancer cells were enhanced in the presence of exogenous CXCL12, but AMD3100 intervention effectively inhibited these processes (P<0.05). Conclusions: The CXCL12-CXCR4 biological axis plays an important role in promoting proliferation and invasion of pancreatic cancer cells.
Introduction
Pancreatic cancer is highly malignant and often displays early metastasis and poor prognosis. A lack of specific symptoms makes early diagnosis difficult. For most patients with pancreatic cancer, at the time of diagnosis the local tumor is associated with wide invasion and distant metastasis; this advanced disease at diagnosis means the best window for treatment has already been missed (Stathis and Moore, 2010) . Indeed, despite active treatment measures, e.g., surgery, radiotherapy, and chemotherapy, five-year survival rate of patients with pancreatic cancer remains less than 5% (Hidalgo, 2010) . Therefore, further studies on the mechanisms of invasion and metastasis should be encouraged to explore early diagnosis and treatment of pancreatic cancer, and ultimately, to prolong survival time.
CXCL12, also known as stromal derived factor-1 (SDF-1), is a chemokine expressed in many tissues, including brain, heart, spleen, lung, liver, kidney, bone marrow, and thymus (Tashiro et al.,1993) . CXCL12 exerts strong chemotactic effects on lymphocytes and plays important roles in immunologic system. The
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Bo Shen 1& , Ma-Qing Zheng 2& , Jian-Wei Lu 1 , Qian Jiang 3 , Tai-Hong Wang 3 , Xin-En Huang 1 * CXCL12 receptor is CXCR4, a G protein-coupled receptor expressed in most tissues (Nagasawa et al., 1996; Scotton et al., 2002) . CXCR4 is detectable on the surface of lymphocytes, endothelial, and many cancer cells (Moll and Ransohoff, 2010) . The interaction of CXCL12 and CXCR4 constitutes a molecular pair that is closely associated with inter-cellular signaling, cell invasion, and activation of downstream signaling (Salvatore et al., 2010; Terasaki et al., 2011) .
Previous hypotheses proposed that the CXCL12-CXCR4 biological axis was involved in the generation, migration, and homing of lymphocytes and in mediating formation of vascular endothelium and heart during embryonic development (Ghosh et al., 2006; Fernadis et al., 2003) . However, more recently, this axis has been found to not only contribute to immunoregulation and mediatiation of the normal inflammatory response, but also play an important role in human immunological diseases, especially in mediating HIV infection (Pitcher et al., 2010; Patrussi and Baldari, 2011) . Increasingly, studies have been devoted to uncovering the effects of CXCL12-CXCR4 on behavior of tumor cells, especially on proliferation, differentiation, directional migration, infiltration, and invasion of malignant cells (Horuk, 2001; Dömötör et al., 2005) .
Because pancreatic cancer has a high rate of lymph node metastasis, strong invasiveness, a high degree of malignancy, and significant biological characteristics, recent efforts have focused on identifying potential effects of CXCL12-CXCR4 in these tumor cells (Demetter et al., 2012) . One study found low CXCL12 expression but high CXCR4 expression in pancreatic tumors, and expression of these proteins in nearby lymph nodes was an indicator of more advanced disease (Zhong et al., 2012) . Further research into the CXCL12-CXCR4 axis may provide a better understanding of the progression of this disease, which is critical to improving detection and treatment measures.
Materials and Methods
Materials
Miapaca-2 human pancreatic cancer cell line was purchased from the Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences; high-glucose DMEM medium and standard calf serum were purchased from Gibco (USA). Recombinant human chemokine 12 (CXCL12), CCK-8 reagent kit, and AMD3100 were purchased from Sigma (USA). Total RNA extraction kits (RNAfast200) were purchased from Fastagen Biotechnology (Shanghai); reverse transcription kits were purchased from TaKaRa (Japan). PCR primers were synthesized by Shanghai Bioengineering & Technology Services. Millicell small chambers were purchased from Millipore (USA); Matrigel and MTS kits were purchased from BD Biosciences (USA). PCR amplification apparatus was produced by Gene Company; all primers in RT-PCR were designed and synthesized by Beijing Aoke.
Cell culture
Miapaca-2 cells were cultured in high-glucose DMEM medium containing 100 mL/L calf serum in a 37ºC, 5% CO 2 incubator. Cells in logarithmic growth phase were used for the experiment, and randomly divided into three treatment groups: blank control group (i.e., serum-free medium group containing 5mg/L BSA), CXCL12 group (i.e., serum-free medium containing 5mg/L BSA and 100 ng/mL recombinant CXCL12), and AMD3100 group (i.e., serum-free medium containing 5mg/L BSA and 2 µg/ mL CXCR4 receptor-specific blocker AMD3100). Cells in each group were cultured 24 hours. Each well was in triplicate; the experiment was repeated three times.
RT-PCR
Total RNA extraction kits were used according to manufacturer's instructions. cDNA was synthesized using 1 µg RNA and reverse transcription kits. Reverse transcription product (1 µL) was used as PCR template in 12.5 µL PCR Mix with 1 µL of each primer and 9.5 µL ddH2O (25 µL reaction volume). PCR primer sequences for the following genes are listed in Table 1 : β-actin, CXCL12, CXCR4, MMP-2, MMP-9, uPA. PCR conditions were as follows: 30 cycles of 94°C for 30 seconds, 58°C for 30 seconds, 72°C for 30 seconds, followed by one cycle at 72°C for 5 minutes. Amplification products were separated on 2% agarose gels and photographed with a UV gel imaging system. Chemi Image 5500 automated electrophoresis gel image analyzer was used to determine the relative mean gray values (A) of the target product and ß-actin internal control; expression index (I) of the target product mRNA was calculated using the formula: I=Aproduct/A β-actin.
Cell proliferation, CCK-8 method
Following intervention, Miapaca-2 cells were digested by trypsin, prepared into 2×10 4 cells/mL suspensions with serum-free medium, then inoculated to a 96-well culture plate, 100 μL suspension per well. Cultures were placed in a 37°C, 5% CO 2 incubator for 24 h. Supernatant was discarded from the original wells, 20 μL CCK-8 solution and 200 μL mixture composed of culture medium were added. Plate was returned to 37°C, 5% CO 2 incubator with saturation humidity for 1 h. Finally, the plate was placed in the Enzyme-Linked Immunoassay Analyzer and absorbance value (OD) of each well was measured at 450 nm.
Detecting in vitro invasiveness of cells with Transwell method
Millicell chambers were placed into a 24-well plate. Matrigel matrix was dissolved at 4°C overnight then diluted; 100 μL of the diluted solution were added into the upper chamber of the plate, which was then placed at 37°C for 4 h to the solidify the Matrigel matrix. To the lower chamber 600 μL 100 mL/L DMEM medium containing fetal bovine serum were added. Following intervention, Miapaca-2 cells were digested by pancreatin and prepared into 1×10 5 cells/mL cell suspension with serum-free medium; 200 μL of this cell suspension were inoculated into the upper chamber of the plate, which was then incubated in a 37°C, 5% CO 2 incubator for 24 h. The unpenetrated cells were gently wiped from the surface with a cotton swab and MTS assay was used to detect the number of the cells penetrating the membrane, in strict accordance with kit instructions. The chamber was then removed and inverted until air-dried. Cells were stained by adding 500 μL 10 g/L crystal violet to the 24-well plate and incubating at 37°C for 30 min. Cells were washed 3 times for 5 min with 0.01 M PBS buffer. Five visual fields (200× magnification) were selected for each chamber to MMP-2 and MMP-9, as well as uPA were lowest in the AMD3100 and control groups and significantly higher in the CXCLl2 group (P <0.05, Table 2 ).
Proliferation of pancreatic cancer cells
A CCK-8 colorimetry assay was used to determine cell viability and is useful in assessing cell proliferation. We used the assay to compare proliferation of Miapaca-2 cells following culture with normal medium, medium containing recombinant CXCL12, or CXCR4 inhibitor. Compared to the control group, proliferation of Miapaca-2 cells exposed to culture medium with CXCL12 was significantly higher (P <0.05); AMD3100 can effectively suppress this proliferative capacity of pancreatic cancer cells (Figure 2) . calculate the number of cells that had passed through the membrane of the chamber.
Statistical methods and Research experience
SPSS17.0 software was used for data processing. Measurement data were expressed as mean ± standard deviation (χ±s). The single-factor analysis of variance was used to compare mRNA expression, proliferation, and invasion of pancreatic cancer cells between different groups. The pair-wise comparisons between groups were performed using SNK method. The above hypothesis test was a two-sided test; P<0.05 was considered as statistically significant. We have enough experience in conducting medical researches, and have published some results elsewhere Yan et al., 2011; Zhang et al., 2011; Gong et al., 2012; Liu et al., 2012; Gu et al., 2013; Shu et al., 2012; Xu et al., 2012; Xu et al., 2012; Yu et al., 2012; Zhang et al., 2012; Chen et al., 2013; Dai et al., 2013; Deng et al., 2013; Huang et al., 2013; Lu et al., 2013; Sun et al., 2013; Wei et al., 2013; Wu et al., 2013; Yang et al., 2013; .
Results
CXCL12 and CXCR4 mRNA expression in pancreatic cells
CXCL12 mRNA was not expressed in Miapaca-2 pancreatic cells, but CXCR4 mRNA was expressed, as shown in Figure 1 .
MMP-2, MMP-9, and uPA mRNA expression
Matrix metalloproteinases, which can degrade extracellular matrix, play a critical role in tumor invasion and metastasis (Yamamoto et al., 2001) . Similarly, pancreatic cells can secrete uPA, a protein that dissolves tissue matrix and promotes angiogenesis, tumor cell exfoliation, stromal invasion, etc. (Gorantla et al., 2011) . RT-PCR was used to assess expression of these genes that are believed to promote invasiveness of pancreatic cancer cells, and comparisons were made between groups of cells receiving different treatments. Control cells received no intervention in culture, but one group of cells received exogenous recombinant human CXCL12 in culture to stimulate the CXCR4 receptor. A third group of cells were treated in vitro with AMD3100, a CXCR4 inhibitor, to block the CXCL12-CXCR4 axis. mRNA expression levels in Miapaca-2 cells of two matrix metalloproteinases,
Changes in invasiveness of pancreatic cancer cells
A transwell invasion experiment can determine the capacity of cells to migrate and invade the local area. This experiment demonstrated that adding recombinant CXCL12 to the culture medium promoted invasion and metastasis of pancreatic cancer cells (Figure 3) ; the number (122.33±4.16) of cells penetrating the chamber membrane in this group was significantly larger compared to the control group (41.33±1.16; P <0.05). Further, following AMD3100 treatment significantly fewer cells (37.00±1.73) penetrated the membrane compared to the CXCL12 group (P<0.05).
Discussion
Chemokines use chemical signals to attract other cells, such as immune cells that must reach a site of infection. The interaction between the chemokine CXCL12 and its receptor CXCR4 forms the CXCL12-CXCR4 biological axis, which plays roles in proliferation, adhesion, invasion, and organ-specific metastasis of a variety of malignant cell types (Balkwill, 2004; Cheng et al., 2009; Wu et al., 2009) . A growing number of studies have confirmed that CXCR4 is expressed on the surface of a variety of tumor cells (such as salivary adenoid cystic carcinoma, breast cancer, and oral squamous carcinoma cells). It interacts with its corresponding chemokines, including CXCL12, and the molecular pair then influences the biological behavior of tumor cells (Muller et al., 2006; Kato et al., 2003; Almofti et al., 2004) . We found here that, although pancreatic cancer cells do not themselves express CXCL12, they do express CXCR4 which was confirmed by immunoblotting mehhod (Grzesiak et al. 2007) ; therefore, these cells are capable of responding to chemotactic signals from CXCL12. Interestingly, the CXCR4 receptor can be blocked by the specific inhibitor AMD3100. Through its blockade on CXCR4, AMD3100 can inhibit invasion and metastasis of malignant cells (Blanco et al., 2000) and has fewer side effects in clinical application (Lukacs et al., 2002) .
Matrix metalloproteinases (MMPs), which are zincdependent endopeptidases, can degrade most protein components in vascular endothelial cells and extracellular matrix. These proteins play a critical role in tumor invasion and metastasis. In pancreatic cancer, two members of this family, MMP-2 and MMP-9, are more highly expressed than they are in normal tissues (Durlik and Gardian, 2012) . MMP-2 and MMP-9 can degrade components of the intercellular matrix and basement membrane to promote dissolution, breaking through matrix, and local or distant metastasis of tumor cells (Yamamoto et al., 2001) . Pancreatic cancer cells also secrete uPA, or urokinase, which binds plasminogen and activates degradation of extracellular matrix (Gorantla et al., 2011) .
Here, we confirmed that MMP-2 and MMP-9, as well as uPA, are expressed in pancreatic cancer cells. However, their expression significantly increased when cells were cultured in the presence of CXCL12, suggesting that the chemotactic signal from the CXCL12-CXCR4 axis triggers increased expression of these genes to promote invasion.
A key feature of cancer is overproliferation; dysregulation of the cell cycle can cause infinite expansion, division, and growth of cells. The proliferation rate and growth patterns of tumors have significant impacts on disease development and prognosis of the patients; indeed, the proliferation rate of tumor cells can indirectly reflect the tumor malignancy (Ravi et al., 1998) . Proliferation of malignant cells can be affected by changes in many different proteins, but evidence indicates that the CXCL12-CXCR4 biological axis is important to this process (Chen et al., 2006; Li et al., 2008) . We found that, in fact, the proliferation rate of pancreatic cancer cells was significantly increased in the presence of exogenous CXCL12. Importantly, AMD3100 inhibition on CXCR4 can effectively suppress this proliferative capacity of pancreatic cancer cells.
The effects of the CXCL12-CXCR4 biological axis also extend to growth and metastasis of ovarian cancer and breast cancer cells (Guo et al., 2011) . Metastasis of tumor cells, however, has been inhibited by treatment with AMD3100 (Lapteva et al., 2005) . We confirmed these features in pancreatic cancer using a transwell invasion assay. Exposure to exogenous CXCL12 promoted invasion of pancreatic cancer cells, while AMD3100 administration significantly reduced this capacity. This finding indicates that the ability of CXCL12 to induce invasion and metastasis of pancreatic cancer cells can be inhibited by blocking the CXCR4 receptor. Additionally, these findings demonstrate that the effect of CXCL12 on invasive capacity is achieved by through the CXCR4 receptor.
In summary, the CXCL12-CXCR4 biological axis plays an important role in promoting in vitro proliferation and invasion of tumor cells. These effects may be related to the observed up-regulation of MMP-2, MMP-9, and uPA expression. However, all effects of CXCL12 exposure on pancreatic cancer could be reversed by administration of the inhibitor of CXCR4 receptor, AMD3100. Therefore, AMD3100 warrants further investigation as an antimetastatic drug.
